Two experiments were conducted to evaluate the effects of soybean hulls in diets with and without corn dried distillers grains with solubles (DDGS) on nursery pig growth performance. In Exp. 1, a total of 600 pigs (PIC C-29 Ã-359, initially 14.7 lb) were used in a 42-d growth study. Diets contained increasing amounts of soybean hulls (0, 3, 6, 9, or 12%) in either corn-soybean meal or corn-soybean meal-DDGSâ€"based diets (15 and 30% DDGS for Phases 1 and 2, respectively). Pigs were blocked by initial pen weight, gender, and room location, with 10 pigs per pen and 6 replications per treatment. Overall (d 0 to 42), soybean hulls Ã-DDGS interactions (quadratic, P < 0.05) were observed for F/G and caloric efficiency on an ME and NE basis. Increasing soybean hulls worsened F/G quadratically (P < 0.03) when added to diets without DDGS but linearly (P < 0.01) when added to diets with DDGS. Caloric efficiencies improved on an ME and NE basis (quadratic, P < 0.04) with increasing soybean hulls in diets without DDGS but did not influence caloric efficiency when added to diets containing DDGS. Adding DDGS to the diet decreased (P < 0.04) ADG and ADFI but tended to improve (P < 0.06) F/G. Adding soybean hulls to diets containing DDGS further reduced (quadratic, P < 0.05) ADG and tended to reduce (quadratic, P < 0.08) ADFI, whereas adding soybean hulls to diets without DDGS had no effect on ADG or ADFI. 
Summary
Two experiments were conducted to evaluate the effects of soybean hulls in diets with and without corn dried distillers grains with solubles (DDGS) on nursery pig growth performance. In Exp. 1, a total of 600 pigs (PIC C-29 × 359, initially 14.7 lb) were used in a 42-d growth study. Diets contained increasing amounts of soybean hulls (0, 3, 6, 9, or 12%) in either corn-soybean meal or corn-soybean meal-DDGS-based diets (15 and 30% DDGS for Phases 1 and 2, respectively). Pigs were blocked by initial pen weight, gender, and room location, with 10 pigs per pen and 6 replications per treatment. Overall (d 0 to 42), soybean hulls × DDGS interactions (quadratic, P < 0.05) were observed for F/G and caloric efficiency on an ME and NE basis. Increasing soybean hulls worsened F/G quadratically (P < 0.03) when added to diets without DDGS but linearly (P < 0.01) when added to diets with DDGS. Caloric efficiencies improved on an ME and NE basis (quadratic, P < 0.04) with increasing soybean hulls in diets without DDGS but did not influence caloric efficiency when added to diets containing DDGS. Adding DDGS to the diet decreased (P < 0.04) ADG and ADFI but tended to improve (P < 0.06) F/G. Adding soybean hulls to diets containing DDGS further reduced (quadratic, P < 0.05) ADG and tended to reduce (quadratic, P < 0.08) ADFI, whereas adding soybean hulls to diets without DDGS had no effect on ADG or ADFI.
In Exp. 2, 304 pigs (PIC, 337 × 1050, initially 25.7 lb) were used in a 21-d study. The 8 diets were arranged in a 2 × 4 factorial with increasing soybean hulls (0, 5, 10, or 15%) in either corn-soybean meal or corn-soybean meal-DDGS-based diets (20% DDGS). Pigs were balanced by initial BW and randomly allotted to 1 of 8 dietary treatments with 9 replications per treatment. Overall (d 0 to 21), no soybean hull × DDGS interactions were observed. Increasing soybean hulls tended to worsen (linear, P < 0.07) F/G but improved (linear, P < 0.008) caloric efficiency on an ME and NE basis. In contrast to the first experiment, the greatest negative effect on F/G (linear, P < 0.04) came from adding soybean hulls to diets without DDGS. Adding DDGS to the diets had no effect on growth performance.
These data indicate that feeding up to 15% soybean hulls in diets for nursery pigs does not affect growth rate or feed intake, but worsens F/G and improves caloric efficiency.
Introduction
Soybean hulls are a co-product from solvent extraction processing of whole soybeans and are available to be used in swine diets in the Midwest; however, because soybean hulls are a high-fiber, bulky ingredient with a low energy value (corn NE = 1,202 kcal/ lb; soybean hulls NE = 455 kcal/lb; INRA 20045), they may be an underutilized ingredient. A previous study at Kansas State University demonstrated that 5% soybean hulls could be included in conventional corn-soybean-based nursery diets with no negative effects on growth performance, whereas including 10% or greater resulted in decreased performance (see Goehring et al., "The Effects of Soybean Hulls on Nursery Pig Growth Performance" p. 127). The objective of these studies was to evaluate increasing levels of soybean hulls (up to 15%) in diets with or without DDGS on growth performance and caloric efficiency of nursery pigs.
Procedures
The K-State Institutional Animal Care and Use Committee approved the protocols used in these experiments. Experiment 1 was conducted at the Cooperative Research Farm's Swine Research Nursery (Sycamore, OH), which is owned and managed by Kalmbach Feeds, Inc. Experiment 2 was conducted at the K-State Segregated Early Weaning Research Facility in Manhattan, KS.
In Exp. 1, a total of 600 pigs (PIC C-29 × 359, initially 14.7 lb BW) were used in a 42-d growth trial. Pens of pigs were blocked by initial pen weight, gender, and room location. Each treatment had 10 replications (pens) with 10 pigs per pen. Each pen had slatted metal floors and was equipped with a 4-hole stainless steel feeder and one nipple-cup waterer for ad-libitum access to feed and water.
Pigs were weaned and fed a common pelleted starter diet for 3 d; thus, d 0 of the experimental period was d 3 postweaning. A 2-phase experimental diet series was used with treatment diets fed from d 0 to 14 for Phase 1 and d 14 to 42 for Phase 2. The treatments included diets containing 0, 3, 6, 9, or 12% finely ground soybean hulls (408 µ) in either corn-soybean meal or corn-soybean meal-DDGS-based diets (15 and 30% DDGS for Phases 1 and 2, respectively). Proximate analysis was conducted by Ward Laboratories, Inc. (Kearny, NE) on the soybean hulls before diet formulation and on the DDGS (Tables 1 and 2 ). All diets within each phase were formulated on a common standardized ileal digestible (SID) lysine concentration (Tables 3 and 4 ). The SID lysine levels fed were selected based on the required level for the diets without soybean hulls. Thus, the SID lysine:energy ratio increased as soybean hulls were added to the diet. All Phase 1 diets contained 4% fish meal and 10% spray-dried whey. Individual pen weight and feed disappearance were measured on d 0, 7, 14, 21, 28, 35 , and 42 to determine ADG, ADFI, and F/G. All treatment diets were fed in meal form, and the soybean hulls were ground at the K-State Grain Science Feed Mill through a 1/16-in. screen and shipped to Kalmbach Feeds, Inc. for diet manufacturing. Feed samples were collected from each feeder during each phase and combined for a single composite sample of each treatment per phase.
In Exp. 2, a total 304 pigs (PIC, 337 × 1050, initially 25.7 lb) were used in a 21-d growth trial. Pigs were weighed and allotted to 1 of 8 treatments arranged in a 2 × 4 factorial with main effects of DDGS (0 or 20%) and soybean hulls (0, 5, 10, and 15% with 4 or 5 pigs per pen and 9 pens per treatment. Pigs were provided unlimited access to feed and water by way of a 4-hole dry self-feeder and a cup waterer in each pen (5 ft × 5 ft). All diets were fed in in meal form from d 0 to 21 (Table 5) . Average daily gain, ADFI, and F/G were determined by weighing pigs and measuring feed disappearance on d 0, 7, 14, and 21. Soybean hulls and DDGS samples were collected and submitted to Ward Laboratories, Inc. for analysis. Feed samples were collected from each feeder and combined for a single composite sample.
In both studies, data were analyzed using the PROC MIXED procedure of SAS (SAS Institute, Inc., Cary, NC) with pen as the experimental unit. Contrasts were used to test for soybean hulls × DDGS interactions, main effects of DDGS, and linear and quadratic effects of increasing soybean hulls in both non-DDGS and DDGS diets. Results were considered significant at P ≤ 0.05 and considered a trend at P ≤ 0.10.
Results and Discussion
The analyzed nutrient levels of the soybean hulls used in both experiments were similar to those used in diet formulation, with the exception of a lower Ca value in the soybean hulls for Exp. 2. Analyzed nutrient levels of the DDGS differed, with less CP and fat in the DDGS in Exp. 2 than in Exp. 1. Soybean hulls in diets with and without DDGS reduced the bulk densities of the diets (Table 6 ) and increased the crude fiber and NDF content (Tables 3, 4 , and 5).
For the overall period (d 0 to 42) in Exp. 1, soybean hulls × DDGS interactions (quadratic P < 0.05; Table 7 ) were observed for F/G and caloric efficiency on an ME and NE basis. Increasing soybean hulls worsened F/G quadratically (P < 0.03) when added to diets without DDGS and linearly (P < 0.01) when added to diets with DDGS. Caloric efficiencies improved on an ME and NE basis (quadratic, P < 0.04) with increasing soybean hulls in diets without DDGS but did not influence caloric efficiency when added to diets containing DDGS. Including DDGS in diets decreased (P < 0.04) ADG and ADFI and tended to improve (P < 0.10) F/G and caloric efficiency on an ME basis but not on an NE basis. Increasing soybean hulls in diets containing DDGS further reduced (quadratic, P < 0.05) ADG and tended to decrease (quadratic, P < 0.08) ADFI, whereas adding soybean hulls to diets without DDGS had no effect on ADG or ADFI. No significant differences were observed in weight on d 42; nevertheless, pigs fed the diet containing 12% soybean hulls and DDGS were 6.4 lb lighter than pigs fed 12% soybean hulls in diets without DDGS.
Based on the results in Exp. 1, soybean hulls × DDGS interactions occurred for F/G and caloric efficiencies. Feed efficiency worsened with the addition of soybean hulls due to a decrease in dietary energy; however, the improvement in caloric efficiency in diets without DDGS indicates that the energy value of soybean hulls is underestimated by published values when used at low levels in the diet. Contrary to previous research, levels up to 12% soybean hulls could be used without negative effects on ADG and ADFI. Furthermore, DDGS reduced ADG and ADFI but improved F/G while not affecting NE efficiency; therefore, the objective of Exp. 2 was to further evaluate the inclusion of soybean hulls up to 15% with or without DDGS to better understand the interaction of high-fiber ingredients and the impact on ME and NE efficiency.
Contrary to Exp.1, no soybean hulls × DDGS interactions were observed (P > 0.25) for the overall data (d 0 to 21) in Exp. 2. Increasing soybean hulls tended to worsen (linear, P < 0.07) F/G, but caloric efficiency improved (linear, P < 0.008) on an ME and NE basis, suggesting the published energy value for soybean hulls is undervalued. Increasing soybean hulls in diets without DDGS worsened (linear, P < 0.04) F/G, but adding DDGS had no effect on growth performance or caloric efficiency on an ME and NE basis.
In conclusion, soybean hulls are a low-energy, low bulk density ingredient that can be used in nursery pig diets up to 5% without affecting feed efficiency or up to 15% of the diet with no changes in gain or feed intake. The improvement in caloric efficiency when soybean hulls were added to the diet suggests that the energy value of soybean hulls is underestimated by published values. A numerical decrease in growth rate was evident when pigs were fed the 30% DDGS with 12% soybean hulls, which could be due to the diet reaching a fiber and NDF level that does not allow pigs to eat enough to meet their energy requirement, potentially due to increased gut fill. These studies suggest that more research is needed to fully understand the influence of combining high levels of highfiber ingredients and the mechanisms for the decreased growth rate. 
